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(55) Adjustable filter means. 

(57) The invention relates to an adjustable filter 
comprising means for analysing the received 
signal which identifies the type of interference 
signal present from a predetermined set of 
interference signal types and an adaptive filter 
responsive to a control signal produced by the 
means for analysing the received signal depen- 
dent on the type of the interference signal 
detected. 
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The invention relates to an adjustable filter 
means which is responsive to the type of interference 
signal received. The adjustable filter means is partic- 
ularly but not exclusively applicable to digital mobile 
phone systems. 5 

The selectivity of the filter means in a cellular ra- 
dio telephone is typically designed as a compromise 
regarding divergent filtering requirements. In digital 
phones filtering is performed by analog intermediate 
frequency filters and7or by baseband filters. The latter 10 
may also be realized in an SC-technique or with dig- 
ital signal processing. 

The most important divergent requirements when 
determining the appropriate filter requirements are 
attenuation of the adjacent channel, the required per- 15 
formance of the same channel, and sensitivity or the 
noise bandwidth. Signals comprising each of the 
above types of interference signal have different fre- 
quency responses. In individual cases the optimal fil- 
ter response, on certain conditions, leads to a con- 20 
stant signal-to-noise distance over the whole signal 
band. Some optimum filter responses for different in- 
terference signals are presented below. 

Figure 1 shows a situation, where a signal 1 is re- 
ceived at the sensitivity level. Then the interference 25 
signal is white Gaussian noise 3. in this case the op- 
timum filter is a so called matched filter 2 having a fre- 
quency response equal to the signal response. Figure 
2 shows a situation, where the signal 6 interfering 
with the received signal 4 consists of co-channel in- 30 
terference. In the case of digital networks this test is 
performed at a high signal level, whereby the impor- 
tance of the noise is negligible. This also better cor- 
responds to the actual situation in a network which is 
operated in the capacity limited region. The optimum 35 
filter 5 in this case has a flat frequency response in 
the signal band. Figure 3 shows a situation where the 
signal 9 interfering with the received signal 7 is inter- 
ference from an adjacent channel. In this case the 
suitable optimum filter response 8 is asymmetric rel- 40 
ative to the center frequency. 

In prior selectivity filters it was necessary to se- 
lect a compromise filter having a response of a par- 
ticular type, regardless of the interference type turn- 
ing out to be significant in practice. Thereby the re- 45 
ceiver performance considerably depends on the na- 
ture of the interference. Particularly interference on 
the adjacent channel and a situation at the sensitivity 
level results to poor performance with a fixed com- 
promise filter compared to that with an adaptive filter. so 

An alternative filtering method comprised carry- 
ing out a complete spectral analysis of the received 
signal and matching an adjustable filter to the inter- 
ference signal portion of the received signal exactly, 
as disclosed in US 4882668. However, such a method 55 
requires considerable processor capacity. 

In accordance with the present invention there is 
provided an adjustable filter means for selectively at- 



tenuating an interference signal, said interference 
signal being part of a received signal in a cellular radio 
telephone, the adjustable filter means comprising, 
means for analysing the received signal to determine 
the type of interference signal present therein from a 
predetermined set of interference signal types, 
means for generating a control signal indicative of 
one of said predetermined set of interference signal 
types so determined, and means for applying the re- 
ceived signal and the control signal to adaptive filter- 
ing means the frequency response of which is vari- 
able in response to said control signal to attenuate the 
interference signal. 

An advantage of the present invention is to pro- 
vide better filtering and receiver performance than in 
prior equipment, and/or to provide enhanced receiver 
performance with a reduction in processor capacity 
requirements. 

An embodiment of the invention is described be- 
low, by way of example, with reference to the accom- 
panying drawings, in which: 

Figure 1 is a schematic diagram illustrating an in- 
put signal comprising a white Gaussian noise in- 
terference; 

Figure 2 is a schematic diagram illustrating an in- 
put signal comprising a same channel interfer- 
ence signal (co-channel interference); 
Figure 3 is a schematic diagram illustrating an in- 
put signal comprising an adjacent channel inter- 
ference; and 

Figure 4 illustrates a circuit diagram of an adjust- 
able filter means in accordance with the present 
invention. 

With reference to Figure 4 the received digital 
signal is supplied in a known way into two branches, 
the so called I, Q branches. In one branch the signal 
is mixed with the local oscillator frequency U> and in 
the other branch with the frequency U, 90° having a 
90 degrees phase shift relative to the frequency U,. 

The means for analysing the received signal 10 
is realized by a spectrum analyzer, which identifies 
the type of interference signal present from a prede- 
termined set of interference signal types illustrated in 
Figures 1 to 3. The I and Q signals are supplied to the 
filter 11 , which is an adaptive filtering means which is 
responsive to the type of interference signal deter- 
mined by the means for analysing the received signal 
10. The means for analysing the received signal pro- 
vides a control signal to the adaptive filter means 12 
dependent on the type of interference signal detected 
and the adaptive filter means responds to provide the 
filter means required to filter out the interference sig- 
nal. 

When the measurement function is digital A/D- 
converters 12 are also required. The means for ana- 
lysing the received signal 10 realizing the measure- 
ment function also receives information about the au- 
tomatic gain control of the receiver, or the so called 
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AGC information. This may be used to indicate that 
the receiver operates at sensitivity level. 

Measurement of the interference spectrum in the 
means for analysing the received signal 10 can be re- 
alized by either digital signal processing or by narrow 5 
band analog filters (e.g. two filters). The narrow band 
analog filters can be combined with the actual inte- 
grated selectivity filter. The output of these narrow 
band analog filters together with carrier power infor- 
mation may be used to detect co-channel interfer- 10 
ence and adjacent channel interference conditions. 

The adaptive filter means 11 can be a filter real- 
ized by digital signal processing (DSP) and controlla- 
ble to a large degree, or a controlled analog filter. The 
filter may also be a filter selected among fixed parallel 15 
filters and suited for each of the set of predetermined 
interference types, as illustrated in Figures 1 to 3. 

The performance of the receiver is greatly im- 
proved with the invention, and the advantage is par- 
ticularly great considering the adjacent channel inter- 20 
ference and in situations at the sensitivity level. The 
selectivity of the rf-parts can be decreased and toler- 
ances increased, and the receiver noise performance 
could be decreased. This means cost savings and a 
lower current consumption. 25 

In view of the foregoing it will be clear to a person 
skilled in the art that modifications may be incorpo- 
rated without departing from the scope of the present 
invention. 

30 

Claims 

1. An adjustable filter means for selectively attenu- 
ating an interference signal, said interference 35 
signal being part of a received signal in a cellular 
radio telephone, the adjustable filter means com- 
prising; 

means for analysing the received signal to 
determine the type of interference signal present 40 
therein from a predetermined set of interference 
signal types; 

means for generating a control signal indi- 
cative of one of said predetermined set of inter- 
ference signal types so determined; and 45 

means for applying the received signal 
and the control signal to adaptive filter means the 
frequency response of which is variable in re- 
sponse to said control signal to attenuate the in- 
terference signal. 50 
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wherein the adaptive filter means comprises a 
digital signal processor which controls a variable 
filter means. 

An adjustable filter means as claimed in claim 1 , 
wherein the adaptive filter means comprises a 
controlled variable analog filter. 

An adjustable filter means as claimed in any of 
the previous claims, wherein the means for ana- 
lysing the received signal comprises a digital sig- 
nal processor. 

An adjustable filter means as claimed in any of 
claims 1 to 4, wherein the means for analysing 
the received signal comprises two narrow band 
analog filters. 

An adjustable filter means as claimed in any of 
the previous claims, wherein one of the predeter- 
mined set of interference signal types is white 
gaussion noise. 

An adjustable filter means as claimed in any of 
the previous claims, wherein one of the predeter- 
mined set of interference signal types is co-chan- 
nel interference. 

An adjustable filter means as claimed in any of 
the previous claims, wherein one of the predeter- 
mined set of interference signal types is adjacent 
channel interference. 



2. An adjustable filter means as claimed in claim 1 , 
wherein the adaptive filter means comprises a 
plurality of filter means each one of which corre- 
sponds to one of said predetermined set of inter- 
ference signal types. 

3. An adjustable filter means as claimed in claim 1 



55 



NSDOCID: <EP_^_ 0542520A2 I > 



1 




4 



EP 0 542 520 A2 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(u) Publication number : 0 542 520 A3 



EUROPEAN PATENT APPLICATION 



(21) Application number : 92310282.6 
(2) Date of filing : 11.11.92 



©Int. CI. 5 : H04B1/10 



(So) Priority: 14.11.91 Fl 915388 

@ Date of publication of application : 

19.05.93 Bulletin 93/20 

(K) Designated Contracting States : 
DE FR GB SE 

(§§) Date of deferred publication of search report ; 

05.01.94 Bulletin 94/01 

@ Applicant : NOKIA MOBILE PHONES LTD. 
P.O. Box 86 
SF-24101 Salo (Fl) 



(72) Inventor : Jokinen, Harri Aatos 
KP 5 

SF-25370 Hiisi (Fl) 

(74) Representative : Frain, Timothy John 

Patent Department Nokia Mobile Phones 
Ashwood House Pembroke Broadway 
Cambertey, Surrey GU15 3SP (GB) 



CO 
< 

3 



CL 
UJ 



@ Adjustable filter means. 



(57) The invention relates to an adjustable filter 
comprising means for analysing the received 
signal which identifies the type of interference 
signal present from a predetermined set of 
interference signal types and an adaptive filter 
responsive to a control signal produced by the 
means for analysing the received signal depen- 
dent on the type of the interference signal 
detected. 
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